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L INTRODUCTION 



1.1 Dendritic cells in cancer immunotherapy : results of 
pioneering clinical trials 

Tumor cells present tumor antigens, but they are not immunogenic. To 
circumvent this lack of immunogenicity and induce expansion of specific 
cytotoxic T lymphocytes (CTL), some investigators have proposed to use 
dendritic cells in cancer immunotherapy. Dendritic cells (DC) are unique 
professional antigen presenting cells that are able to uptake and cross-present 
class I and class II restricted antigens to CD8+ and CD4+ T lymphocytes. 
Importantly, mature DC are also capable of priming naive T lymphocytes 
through expression of costimulatories molecules (CD80, CD86). Proof of 
principle of the role of dendritic cells in clinical trials has been reported in 
normal volunteers by Dhodapkar (1). Indeed, DC pulsed w^ith antigens, but 
not DC alone, nor peptides alone, were able to induce primary and to boost 
secondary antigen specific T cell based immune response. Some clinical 
trials using this strategy for metastatic cancer treatment have been reported. 
Using ex-vivo propagated DC, pulsed with either peptides or tumor cell 
lysates, Nestle et al (2) reported 5 clinical responses in 16 melanoma 
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patients. Using fusion between DC and tumor cells, Kugler et al (3) reported 
4 complete responses in 17 metastatic renal cancer patients. 

1.2 Dendritic cells in cancer immunotherapy: prospect 
and limitations 

Monocytes derived and CD34 derived DC pulsed with peptides or lysates 
or apoptotic bodies are currently tested in several clinical trials. Preliminary 
data ascertain their lack of toxicity. DC appear to elicit Ag specific antitumor 
immune response in patients leading to some objective tumor regressions. 
They are currently tested in phase in clinical trial in patients with prostate 
cancer and melanoma. 

Although it is a promising therapy for cancer patients, some shortcoming 
need to be mentionned. Two major points are of importance. As any 
autologous cell therapy, there is a phcnotypic variability as a function of 
patient clinical condition. This represents a hindrance for exploitation and 
dissemination plans in term of upscale and manufactoring. The option of 
replacing DC by a component that exhibit immimostimulatory properties of 
DC but pharmaceutical properties of a drug ( stable phenotype, well defined 
composition, dosage, manu&cturing process, allogenic use) is particularly 
interesting. The second important point to be considered in DC therapy is the 
method for pulsing. Pulsing must be performed with components that allow 
a polyepitopic CTL expansion to avoid tumor immunoselection. In addition, 
the Ag delivery system for optimal DC loading must take into account the 
optimal pathway of antigen cross-presentation. To date, only apoptotic 
bodies (4) and immune complexes (5) have been shown to induce antigen 
cross-presentation. Finally, the method used for DC pulsing must be well 
characterized for optimal therapeutic use. 

1.3 Exosomes: a cell derivative for biotechnology 

Exosomes have been described as small membrane v^icles of 60-90 ran 
released by reticulocytes (6), Later on, Raposo et al (7) found that B- 
lymphocytes were also able to release exosomes. Molecular characterisation 
showed that reticulocytes-derived exosomes contain Transferin-receptor, 
a4pl integrins, Heat Shock Protein (HSP) and that B Lymphocytes derived 
exosomes exhibit fiinctional MHC class n/peptides complexes on their 
surface. 

Therefore, exosomes originate from late endosome and are released by a 
broad array of hematopoietic cells. They contain protein involved in 
fimctions of the cells from which they derive. Considering these data and the 
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immunostimulatories properties of DC, we investigated the ability of DC to 
secrete immunostimulatory exosomes. 



2. DENDRITIC CELL-DERIVED EXOSOMES: A 

POTENTIAL CELL-FREE ALTERNATIVE TO DC 
THERAPY 



2.1 Tumor peptide-pulsed DC secrete exosomes that 
induce tumor growth suppression in mice (8) 

Imtnunoelectronic microscopy studies have shown that murine dendritic 
cells secrete exosomes (Dex) that exhibit high amounts of MHC class I and 
II molecules and tetraspanin (CD63). Therefore, we tested the 
immunogenicity of such exosomes and their potential antitumor effet m 
mice. BM-DCs were pulsed with acid-eluted tumor peptides from P815 and 
DC supemantant were harvested to purify Dex. After a single intradermal 
injection of these Dex, 40 to 60% of P815 bearing mice were free of tumor 
at day 60. In addition, these animals rejected lethal injection of the syngeneic 
P815, while no rejection occured after injection of irrelevant L1210 tumor 
cells. These findings suggest that Dex were able to induce a long lasting 
antitumor immune response. No efifect of Dex were found in Athymic 
Nu/Nu mice, indicating that T cells are required for the exosome-induced 
antitumor immune response in vivo. 



2.2 Molecular composition of murine Dex: enrichment 
in proteins involved in the immunological network 

(8,9) 

To unravel the molecular basis of the immune effects of Dex, a molecular 
characterization has been performed. Dex exhibit large amounts of MHC 
class I and II molecules and tetraspanins (CD63, CD81, CD82, CD9) on 
their surface. Analysis of protein profile of the Dex identified eight more 
dominant proteins. Three are transmembrane (Mac- la chain» MHC class UB 
chain and CD9), one is associated to membranes (MFG-E8), and four are 
cytosolic (Gi2a, annexin II, gag from MRV provirus, hsc73). Two of these 
components seem especially relevant for Dex functional activity. The first is 
hsc73, expressed constitutively and reported to be immunogenic (10). The 
other interesting component is MFG-E8. This protein has been initially 
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described at the surGace of milk fat globule. This is a protein involved in cell- 
cell contact and interacts through aVp3 and aVp5 integrins (11), 

2.3 Human MD-DC secrete exosomes that bear 

functional MHC class I/peptide complexes (12) 

Electronic microscopy and westem-blot analysis showed that h\rman ex- 
vivo propagated MD-DC secrete exosomes. These exosomes contain MHC 
class I and II molecules. In vitro data suggest that human Dex are antigenic 
on CTL clones and therefore bear functional MHC class I and class lU 
peptides complexes on their surface. 

2A Conclusion and perspectives 

Exosomes are 60-90 nm membranes vesicles originating from late 
endosomes and constitutively secreted by DC. They mediate T cell-based 
immunogenicity in vitro and in tumor bearing mice. Dex represents an 
alternate immunotherapy strategy to DC in in vivo preclinical models. 
Exosomes are stable and well defined and could be manu&ctured in 
biotechnology. A clinical grade upscale production of Dex and quality 
control parameters have been recently established. This translational 
research allowed implementation of such a cancer vaccine strategy into the 
clinic. A phase I clinical trial in metastatic melanoma and lung cancer has 
been recently launched. Research aimed at identifying the critical molecules 
involved in Dex biogenesis and function is underway and may allow de novo 
neosynthesis of bioactive exosomes. 



3. TUMOR CELL-^DERIVED EXOSOMES (TEX): A 
NEW ANTIGEN DELIVERY SYSTEM FOR DC 
LOADING (13) 

3«1 Results 

Timior cell lines in mouse and human systems release HSP and Class I 
containing exosomes. Interestingly, westem blot analysis revealed that Tex 
also vehicle tumor antig'ens such as Marti, tyrosinase related proteins (TRP). 
Tex from a HLA-A2' Martl+ tumor cell line induce cross-presentation of 
Marti tumor antigen to a CTL clone. In addition, Tex pulsed onto DC 
protect mice against tumor challenge. Exosomes were immunogenic across 
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histology since MC38 derived exosomes (colon cancer) were efficient to 
protect mice against TS/A challenge (breast cancer). 

3«2 Perspectives 

Tex are constitutively released by tumor cells, and are a source of tumor 
rejection antigens for CTL cross-priming. They are immunogenic across 
tumor histology and MHC class I barriers. Compared with other methods of 
polyepitopic EC pulsing (apoptotic bodies, tumor lysates, mRNA...), they 
exhibit properties that render them attractive. They are stable, their 
composition can be well defined, and their storage and safety profile might 
comply with regulatory agencies requirements. Apart for being an attractive 
method for DC pulsing, Tex are also a novel source of tumor rejection 
antigens. Cloning of CTL induced by DC pulsed with Tex should allow 
identification of new tumor epitopes. 
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